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USSR/SolLd State Physics - Diffusion. Sintering E-6
Ref Zhur - Fizika, No 3, 1957, No 6689

Mirskly, L.M., Rakovskiy, V.S., Bokshteyn, S.Z.
Investigation of Diffusion Processes in Sintering, Using
Radioactive Isotopes.

Poroshkovaya metallurgiya, Yaroslavl', 1956, 52-60

Preliminary experiments were carried out on producing a pro-
cedure for investigating the diffusion during sintering,
using radloactive isotopes. The use of the procedure devel -
oped made it possible to conclude that the ideas proposed

by ¥a. I. Frenkel' concerning the "hole" mechanism of dif-
fusion are correct. The coefficients of diffusions have
been determined for the alloys W-Ni, TiC-Mo, TiC-W and TiC-
Nb. These coefficients make it possible to calculate the
activation energy of W, Mo, and No and consequently, in
Tinal annlysis, to determine the strength of the bond in
the lattice.
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- BOKSHTEYN, S. Z. ) N '

"Effect of Metal Composition and Structure on Grain Boundary Diffusion,"
S. Z. Bokshteyn, S. T. Kishkin, and L. M. Moroz, Moscow Aviation Inst, USSR.

Peper submitted for presentation at the International Conference on
Radioisotopes in Scientific Research, Paris, 9-20 Sep 1957.
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AUTHOR: Bokshteyn, S.Z., Dr. of Technical Scisnces Prof., Kishkin, s,.T.,
Dr. of Technical Sciences Prof. and Moroz, L.M., Eng.

TITLE: Self-Diffusion of Iron in the Volume of the Grain and Along its
Boundaries. (Samodiffuziya zheleza v oblyeme i po granitsam
zerna),

PERIODICAL: Metallovedeniye i obrabotka metallov, 1957, No. 2, pp 2-10 (U.s.S.R.)

ABSTRACT: In a series of papers V.I. Arkharov ot alii (14, 15) show, on the
basis of metallographic analysis, that there is preferential diffusion
of a number of elements along the grain boundaries of iron, nickel
and copper. Gruzin, P.L., Kuznetsov, E.V. and Kurdyumov, G,V,
(22) studied the diffusion of iron in the alloys iron-nickel and
iron-nickel-carbon (25% Ni, 0.69% C) and found that the straight
lines expressing the dependence 1g D on 1/T show a break at 1000
to 1100°C. The inclination angle at lower temperatures indicates
lower values of the activation energy compared with respective high
temperature values; this dependence was observed only if the
alloy was subjected to martensite transformation prior to diffusion
annealing. In fact, the diffusion coefficient at 900°C in this
case is three times as large as for specimens which haviznot been
subjected to martensite transformation, i.e. 7.65 x 1071% apg 2.35 x 10712
Card 1/5 em“/sec respectively. Apparently, the influence of earlier transformations
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Self-Diffusion of Iron in the Volume of the Grain and Along its’
Boundaries. (Samodiffuziya zheleza v obVyeme i po granitsam
zerna),

is nullified only after heating the specimens to 1000 to 1100 C.
Earlier investigations by the authors of this paper (21, 23) by

means of auto-radiography methods indicates thatthis process is
nonuniform in a polyerystalline body and has a pronounced loecal
character, The process of self-diffusion of iron was investigated

by means of an auto-radiography method described earlier by the authors
of this paper (21,23). 20 x 10 x 10 mm specimens of Armco iron

(0.028% ¢, 0.030% S, _0.017% P, 0.12% 51, 0.22% Mn) were coated

with radio-active Fe’9 in an electrolytic bath of such a composition
that the coating can be effected at room temperature, is not liable

to oxidation, is stable in operation and does not have to be frequently
correcteds During 10 to 15 minutes an 0.2 to 0.5M thick radio-
active iron layer was deposited with an activity of 4000 to 7000
imp/em min, For self-diffusion of the iron in the x and the y

states annealing was effected in the temperature range 800 to

1200°C, maintaining the temperature constant within 2%, At
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TITLE: Self-Diffusion of Iron in the Volume of the Grain and Along its
Boundaries. (Samodiffuziya zheleza v ob"yeme 1 po granitsam
zerna).

first the qualitative self-diffusion of iron was studied at 800,
1000, 1100 and 1200°C. Fig. 1 shows auto-radiograms of specimens
after diffusion annealing at 800,1000 and 1200°C. Fig. 2 shows

the measured values of the depth of self-diffusion of iron in the
grain for 1000°C. Fib. 3 shows the dependence of the dansity of
blackening on the depth of self-diffusion of iron along the grain
boundaries. Fig. 4 shows the temperature dependence of the self-
diffusion coefficient of iron inside the grain and along the grain
boundaries. Measured values of the influence of the temperature
on the coefficient of self-diffusion inside the grain and along

the grain boundaries are given in a table on p. 8. As a result

of the tests, the character of the process of self-diffusion of
iron in the & and the ¥ states was determined. It is shown
that displacement of atoms during self-diffusion of the iron takes
place predominantly along the grain boundaries within a wide range
of temperatures (800 to 1200°C) and is independent on the type of
crystal lattice. For the temperature dependence of the coefficient
of gelf-diffusion of y diron the relations were determined separately
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Self-Diffusion of Iron in the Volume of the Grain and Along its
Boundaries. (Samodiffuziya zheleza v obfyeme i po granitsan
Zerna).

for the .grain boundary and for the grain volume, namely:
Dpoundary= 2.3e™2C 600/RT

Dgrain @ 0.16 x 10-0e~04 000/RT

Although conserving a high mobility along the crystal boundaries

in the case of self-diffusion right up to 1200°C, a decredsg is
observed in the speed of diffusion with increasing temperatures,
namely:

Dboundary/pgmm (at 1000°C) 12 000
Dbounauy‘pgmm (at 1200°C) 2 500.
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Self-Diffusion of Iron in the Volume of the Grain and Along its
Boundgries. (Samodiffuziya zheleza v ob"yeme i po granitsem
zerna).

The observed differences in the parameters of the self-diffusion

of iron inside grains and along the grain boundaries are attributed
fundamentally to the features of the structure of the crystal lattice
in the boundary zone.

One photo, three graphs, and one table are shown. There are 26
references, of which 12 are Slavic.

ASSOCIATION: -—
PRESENTED BY:
SUBMITTED: —

AVAILABLE: Library of Congress
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TITLE: A Method cf Investigeting the Influence Erercised DY Tensicn ard De-

he Self-Diffusion of Iron (letedika issledovaniys
heniya i defonratsil na samodiffuziyu zheleza).

formation Upon 1t
vliyaniya neprias

PERICDICAL:  Zavodskeya Laboratoriya, 1937, Vel. 23, Ur 12, pre 1438-143% (USSR)

ABSTRACT: In an Institute of the AX USSR, which is nct nmentioned here, a Spec-
ial device w@as constructed which makes it possible to carry out dif-
fasion red hot heating in the vacuunl, in which the diffusion proper-

ties of the samples can be investigated by naking use of traction at
the conditions of elastic and plastic defcor.ation. The apparatus con-
sists of a combination of the test-machine wpN-8", a steel vacuud
samera having 2 diameter of 200 mm, snd containing an electric fur-
pace of 110 mm length and the necessary reesuring devices. The flat
samples of slightly carboniferous steel (0,15%0; O,357kin;, 0,024%P;

0,015}5'5) were subjected to trection in the mochine up to the degree

of extension and destruction. Because cf the decrease of structural

tensions the samples were previously softened in the vacuul at 10007,
after which they were on one side and on a surface of 1 cu® pro-

Card /2 vided with a coating of electrolytic iron which served as diffusion
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A Method of Investigating the Influence Exercised by Tersion 32-12-19/T1
and D=zfornpation Upen the Self-Diffusion of Iron

AVAIL/BLE:

Card 2/2

object. The results obtained are shown together in &« table, It was
found that the self-diffusion of iron under cartain conditions de-
velops mainly according to the structural grain boundaries, and

that the circumstances of the application of fraction as well as of
the high temperature accelerate the diffusion of iron. The plastic
deformation of the sample increases the self-diffusion of iron by
nearly the three-fold, which is explained by the atomic motion
which sets in., At the same $ime, however, the activation energy in
the corresponding domain of the sample is diminished. Iron with a
0,1%C-content enters into the two-phase state (X -/ ) at 750-800°,
but because the A -phase remains predominant, it alsc determines the
velocity of the diffusion curreni. There are 1 table and 9 Slavic
references.

Library of Congress

1. Iron-Self diffusion-Determination 7, Instrumentation
3. Iron-Tension L. Iron-Deformztion
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Bo y S5+ %», Zhukhovitskiy, A. A., SOV/163-58-4-26/47
Kighkin, 8. T., Mal'tsev, E. R.

Influence of the Phase Conversion on the Speed of

Autodiffusion (Vliyaniye fazovykh prevrashcheniy na
skorost! samediffuzii)

Nauchnyye doklady vysshey shkoly. Metsllurgiya, 1958, Nr 4,
pp 158-161 (USSR

The influence of eutectoid conversion in steel on the speed
of autodiffusion in iron is explained. Besides, some
experiments were made to measure the effect of polymorphic
conversion a @ y on the speed of autodiffusion. The influence
of eutectoid conversion (austenite-perlite) in steel U8

(0.78 % C) on the speed of autodiffusion in iron was
investigated. For determining the diffusion parameters, the
usual variant of the absorption method (Ref 2) was used.

The diffusion factor was calculated according to the theory
(Ref 3). It is shown that the eutectoid conversion increases
considerably the average mobility of the atoms in the lattice.
In examining the influence of the polymorphic a2y-conversion
on the autodiffusion of iron (0.059 % C), cne of the variants
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.Influence of the Phase Conversion on the Speed of SOV/163-58-4~26/47
Autodiffusion

of the absorption method, the so-called "method of the

thin layer" (quotation marks in the Russian original)

(Ref 2) was used for determining the factors of autodiffusion
in iron. The data obtained show that the autodiffusion of

iron in cyclic annealing, when the « 2 y-oonversion is

imposed on the diffusion process, proceeds at about the same
speed as the autodiffusion of a-iron in isothermic annealing
at 880°. Thus, the polymorphic conversion does not change the
speed of autodiffusion, in contrast to the eutectoid conversion.
The formation of the new phase and the corresponding lattice
reconstruction may lead tc an increase of mobility of the

iron atoms on account of a number of causes mentioned here.
The polymorphic a @ y-conversion has apparently no noticeable
influence on the elementary act of autodiffusion of iron. Thus,
the two processes may be regarded independent of each other.
This result can be explained by supposing that - in the case
of substituting a crystalline iron atom packing by another -
the atoms do not shift by greai distances but only by
distances smaller than the interatomic distance. In contrast
with the polymorphic conversion, the eutectoid conversion in
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S0V/163-58-4-26/47

steel increases the speed of autodiffusion of the iron
considerably (by one order of magnitude). There are
1 figure, 2 tables, and § references, 4 of which are Soviet.

ASSOCIATION:
and VIAM)
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“GRUZIN, P. L., FRANTSEVICH, I. N., ZHUKHOVITSKIY, A. A., BORISOV, V. T.,
and BOKSHTEYN, S

"Concerning the Diffusion and Electric Trensmission of Carbon in Iron and its
Alloys"

report presented at the UNESCO Conference on the Utilization of Radioactive Isotopes
in Scientific Resesrch, Paris, 9-20 Sept 1957.
Vestnik AN SSSR, 1958, v. 28, No. 1, pp. 71-78. (euthor Vinogradov, A. P.)
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BOKSHTEYN, S.Z.; GUDKOVA, T.I.; ZHUKHOVITSKIY, A.A.; KISHKIN, S.T.
e T e P

Bffect of irreversible structural changes due to plastic deformation
on diffusion mobility. Dokl. AN SSSR 121 1no.6:1015-1018 A 58,

1. Vsesoyusnyy nauchno-issledovatel’skiy institut aviatsionnykh
materialov. Predstavleno akademikom G.V. Kurdyumovynm.
(Diffusion) (Deformations (Mschanics))
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PHASE I BOOK EXPLOITATION -  S0V/3726

-~

‘Bokshteyn, Samuil Zeylikovich, Sergey Timofeyevich Kishkin, and Lite Markovna
oT0% '

Issledovaniye stroyeniya metallov metodom radioaktivnykh izotopoy (study of
the Structure of Metals by the Method of Radioactive Isotopes) Moscow,
Oborongiz, 1959. 17 p. Errata slip inserted. 3,200 copies printed.

Reviewer: A.A. 7hukhovitskiy, Doctor of Chemistry, Professor; Ed.: A.G.
Rakhshtadt, Candidate of Technical Sciences, Docent; Ed. of Publishing
House: L.I. Sheynfayn; Tech. Ed.: V.P. Rozhin; Managing Ed.: AT

Sokolov, Engineer.

PURPOSE: The book is intended for scientific workers and engineers specializ-
ing in metallurgy and the physics of retals.

COVERAGE: This book desls with the problem of the nonhomogenelty of metal
alloys and the state of the metal at the interfaces, in particular at

Card—T/6
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Study of the Structure (Cont.)

AZELER PSS BAEE

S0V/3726

the grain boundaries. The methods. and results of investigations of the
chemical nonhomogeneity of various alloys and of diffusion along the
grain boundasries are presented. The authors devote considersble atten-
tion to methods and techniques of using tagged atoms in investigating
distribution and diffusion processes. Engineer T.I. Gudkova partici-
pated in the experimental investigations of distribution processes

of alloy components. The authors thank Professor A.A. Zhukhovitskiy,
Doctor of Chemistry,and A.G. Rakhshtadt, Candidate of Technical Sciences.
There are 47 references: 35 Soviet, 11 English, and 1 German.
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The first prize of 10,000 roubles (imeni D. K. Chernov) wag awarded to the

following teams Professor S. Z. Bokah:%h@ Engineer T. 1. (udkova, Doctor of

Technical Sciences Professor A. A. Zh vitskiy, Doctor of Technical Sciences

Professor S. T. Kishkin and Engineer L. M. lMoroz for the paper "Investigation

of the diffusion and the distribution of compopents in a real metal by means of

Tadioactive tracers"s The work described in this paper represents experimental

and theoretical work of fundamental importance on diffusion in alloys as a function

of the structure of the metal and the stress field caused by external action.

A brief summary is given of this paper and it is stated that it is not only of maj-

or theoretical importance but also of practical interest, particularly from the

point of view of the problem of high temperature strength.

Results of the 1958 Competition for Obtaining imeni D. K. Chernov and imeani
N. A, Minkevich Prizes, Metallovedeniye 1 termicheskaya obrabotka metallov,
1959, No. 6, pp 62-6L
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AUTHORS: Bokshteyn, S.Z., Kishkin, 5.T., Doctors of Technical
~8Bciences and Osvenskiy, V.B., Engineer {
TITLE: Influence of Polymorphous Transformationé on Diffusion‘

in Titanium

W
PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov,
1960, Nr 6, pp 21-26 (USSR)

ABSTRACT: The operating temperature of titanium alloys is usually N
450 to 500°C which is not in accordance with the high
melting poeint of the titanium. It can be assumed that
the low heat resistance of titanium alloys is due to a
certain extent to diffusion processes. According to
A. D, McQuillan (Ref 5) the temperature of polymorphous
transformation for pure iodide titanium is 882.5°C., At
the operating temperatures the a-modification is stable,
whilst at the high melting temperature the B-modification
is stable. For the purpose of investigating the influence
of the allotropic modification of titanium on the
diffusion, the authors used iodide titanium of the

Card 1/4 following composition: 0.015% Mg, 0.01% si, 0.02% Fe, UK:
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Influence of Pélymorphous Transformations on Diffusion in Titanium

< 0.02% Al, <0.02% Ni, 0.008% Cr, <0.005% Mn, 0.05% C,
0.05% O, 0.025% N. Since it is known that even small
quantities of admixtures exert a considerable influence
on the temperature of polymorphous transformationsand

the properties of titanium, the authors also investigated
the commercial titanium VT1D of the following composition:
0.3% Fe, 0.15% Si, 0.10% C, 0.05% W, 0.04% N, 0.15% O,
0.015% H. The commercial titanium was produced in a
vacuum arc furnace with a consumable electrode with
double re-smelting in a step-wise crystallizer. The
slectrode was made of pressed titanium sponge. The
produced ingots were forged into 12 x 12 mm cross-section
rods. After descaling these were vacuum annealed at
1300°C for 8.5 hours, The diffusion of lead into the
titanium was studied by means of labelled atoms, The
diffusion was studied in the temperature range 700 to
1100°C, measuring every 20 hours the integral intensity
of the B-radiation. Table 1 gives the obtained coeffiz;Z%ts

Card 2/4k of diffusion of lead into iodide titanium at the
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Influence of Polymorphous Transformations on Diffusion in Titanium

temperatures 700 to 1100°C, whilst Table 2 gives the
diffusion coefficients of lead in commercial titanium
at the same temperatures. Fig 2 shows the distribution
of lead in titanium resulting from diffusion into
commercial titanium at 850°C. The authors also
investigated the influence of structural transformations
during diffusion annealing on the diffusion speed using
two batches, one of which was quenched from 1050°C, the
other was quenched (after soaking for 100 hours) from
750°C. The respective microstructures are reproduced
in Figs 3a and b, The obtained results permit
elucidating the apparent contradiction between the high
diffusion temperature and low heat resistance of
titanium, The low temperature modification of titanium
has a high diffusion mobility; the low strength of the
interatomic bonds, combined with the high diffusion
mobility, leads to a rapid loss of the strength with
increasing temperature. However, the high temperature
Card 3/4 modification of titanium appears to possess a relatively

L
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high strength of the interatomic bonds. The following
conclusions are arrived at:
1) The coefficient of diffusion in a-titanium at the
transformation temperature is larger by about two orders
of magnitude and even more and the activation energy of
the process is half that of p-~titanium. A qualitatively
equal relation is observed in commercially pure titanium
but the diffusion mobility in this is considerably lower
and the activation energy is higher than in iodide
titanium,
2) The difference in the diffusion parameters of « and
p-titanium may be due to differing strength of the
interatomic bonds or may be associated with structural
features of a~titanium.
3) Structural changes in titanium in the process of
diffusion annealing lead to an acceleration of the process
of diffusion.
There are 3 figures, 2 tables and 17 references, 7 of
Card 4/4 which are Soviet and 10 English. b)(/
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BRONFIN, M,B., BOKSHTEYN, S.2., ZHURHOVITSKIY, A.A.

Determination of the diffusion coefficient from the

displacement of the activity curve. Zav.lah, 26 no.7:

828-830 ‘60, (MYBA 13:7)
(Diffusion) (Radioisotopes)
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AUTHORS: Bokshteyn, S, 2., Gubareva, M. A., Kishkin, S. T., and

Moroz, L., I,

4
TITLE: Study of the Process of Ironﬂlecrystallizatior‘x by the Method
of Radioactive Isotopes /4

PERIODICAL: Zavodskaya laboratoriya, 1960, Vol. 26, No. 10, pp. 1111-1114

TEXT: The authors studied the behavior of atoms at the grain boundaries
during the recrystallizaticn of iron {content in %: 0,021 C, 0.014 P,
0.0t 8, 0,67 si, 0.07 Al, 0.08 Mn, 0,06 Ni, 0,033 Cu). Samples of this
iron were covered with Fed?, In annealing, Fe59 spread due to diffusion
at the boundaries between the metal grains. This permitted an observation
of the local displacement of atoms lying at the boundary during
deformation and recrystallization annealing. Iron rods were annealed at

12500C for 8 h, and then cut into samples (!0x 10x 20 mm). The riveted
layer (70-80u) was removed by electropolishing in perchloric and glacial
acetic acids. An Fe5J layer 1.0 p thick was electrolytically applied to

card 1/3
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Study of the Process of Iron 5/032/60/026/010/007/035
Recrystallization by the Method of B0O16/B054

Radioactive Isotopes

the polished surface. Subsequently, the samples were deformed by
compression by 10-16% (Fig. 4) and by 45-70% (Fig. 2). Figs, 1-8 show the
autoradiogram (a) on the left, and the microstructure (b) on the right

on microphotographs. During exposure the samples were protected by a film
1 p thick (1% of Zapon varnish in the solvent PAB (RDV)). To produce the
autoradiograms, the samples were exposed for several days on photographic
plates or films HUK WU (NIKFI), type MP(MR). The autoradiograms were
compared with the microstructure pictures which had been taken by a
microscope of the type MWUM -8 (MIM-8). Next; the recrystallization
annealing was carried out (Figs. 3, 5-8). A Table on p. 1113 gives the
hardness and the methods of treatment for some samples. On the basis of
their methods, the authors succeeded in observing the behavior of grain

boundaries during plastic deformation and subsequent recrystallization.
It was proved that iron recrystallization at relatively low (15%) and high
(50—70%) degrees of deformation causes no essential change in the position
of atoms laying at the boundary of deformed grains. With a considerable
structural change of the metal after a double recrystallization, as well as

Card 2/3
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Radioactive Isotopes

after polymorphous ¢ — 7y transformation, the atoms at the boundaries of
the initial bodies are not displaced. In contrgst with recrystallization,
plastic deformation is accompanied by a considerable displacement of atoms.
The results prove that the displacement of grain boundaries during
recrystallization and the subseguent growth of grains is connected with a
specific mechanism which differs from the ordinary diffusion mechanism.
There are 8 figures, 1 table, and 15 references: 4 Soviet, 1 US, 1 Dutch,

1 French, and 4 German. .
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BOKSHTEYN, S.2. »_doktor tekhn.nauk; GUDKOVA, T.1., kand., tekhn. nauk;
ZHUKHOVITSKIY, A.A., doktor khim.nauk, KISHKIN, S.T., doktor
tdc hn. nauk

Effect of prestressing and of the ereep process on diffusion

'1nside and along the grain boundaries. Trudy MAI no.123:35-40

60. (MIRA 13:8)
(Crystal lattices) (Creep of metals)

=
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AUTHORS: Bokshteyn,.S8.2,, Doctor of Technical Seiences,Professor;
Gubareva, M.A., Engineer; Kontorovich, I,Ye,, Doctor

of Technical Sciences; and Moroz, L.X., Candidate of
Technical Sciences

TITLE: Peculiarities of the Diffusion of Carbon in Iron

PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov,
1961, No. 1, pp. 10-14 (+ 1 plate)
TEXT: Work by two of the authors (Refs l-4) and by others

(e.g. Refs 2, 3) has shown that diffusion is often non-uniform.
This effect could be associated with difference in the activation M//

‘-

energy of diffusion (Refs 8-10). In this present work the authors
Studied diffusion of carbon in technical purity iron (0.03% C) and

iron alloys with 0.03% C and 0,14, 0.64 or 2.93:5 Si, Some alloys —_—
also contained a third component: k.56 or 30¢ Ni, 0.36 or 1,61% Al,
0.88, 3.77 or 14,13% Cr, 0.21 or 3% Mo, 1.19 or 4.97% W, 0.1 or
2.29% Ti.  This enabled the influence of carbide-forming and non-
forming elements to be compared. Pr&smatic specimens 20 mm high
and with a 10 mm base were used. Cl* yas deposited on the surface

Card 1/5
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Peculiarities of the Diffusion of Carbon in Iron

from barium carbonate or from special specimens containing this
isotope. The first technique was used for studies in the gamma, the
second 1in the alpha states. Auto-radiographs were obtained on -
type HUKQ U (NTKFI) plates, contact prints being examined micro-
photometrically with a type M-k (MF-4) instrument. The diffusion
coefficlent was calculated by the method of Bokshteyn et al (Ref.l11).
Microstructural analysis was also carried out, Autoradiographs and
microstructures for iron at 950 ©C are shown in Fig.la and b,
Autoradiographs at 550 “C for alpha iron (unalloyed and with 0,64%

Si, top and bottom, respectively? are shown in Fig.2a and b, i
Fig.5 shows plots of darkening against depth of diffusion of earbon g
in the grains (top curve) and along boundaries (bottom ecurve in each

of the two diagrams), for ferrite (550 ©C). The influence of
concentration of the different alloying elements on depth of

diffusion (mm) in iron at 950 OC is shown in Fig.6,

Card 2/ 5
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‘Peculiarities of the Difmsion of Carbon in Iron

Fig.7 shows. relative darkening with respect to distance into rerrite
grain for carbide forming (left-hand graph) and non-forming (right-
hand graph) alloying elements. The left and right ends of the plots
relate to the grain boundaries; the remaining space, corresponding
to 0.30 mm , .Lelates to the body of the grain. i
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Peculiarities of the Diffusion of Carbon in Iron

The work shows that carbon diffusion in both alpha- and gamma-iron
occurs unevenly, the grain boundaries and adjacent alpha solid-
solution regions becoming enriched with carbon. The diffusion
coefficient for grain boundaries is 3-4 orders higher than for
inside grains. Alloying modifies both rate of diffusion and
distribution of carbon within the grain; depending on the effect
of the element on the gamma region. Alloying reduces the
carbon-concentration drop between the boundary and the body of

the ferrite grain,

There are 7 figures and 11 references: 7 Soviet and 4 non-Soviet,

_\Z
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AUTHOR: Bokshteyn, S.Z., Doctor of Technical Sciences, Professor
TITLE: Diffusion and structure of metals
PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov,
no, 11, 1961, 211
TEXT: piffusion governs many structural changes in metals and

' can be greatly affected by small changes in the structure. The
theory of the process and much of the data have been obtained for
idealized conditions, without taking into account real conditions
as determined by: 1) internal structural factors (e.g. the
existence of boundary surfaces), high-temperature structural and
phase changes; 2) external forces acting on the metal (e.g. an
electrical field). The author, who has made many contributions to
the subject, surveys the field, but does not consider the
influence of macroscopic structural defects, pores and cracks on
diffusion, He deals first with the role of structure in diffusion,
1I.C, Fisher (Ref.1:; Journal Appl. Phys,.,, no.1l, v.22, 1951) made a
theoretical analysis of the role of grain boundaries, treating them
{in a real crystal) as a slit perpendicular to the specimen surface

Card 1/7
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and dividing two semi-infinite volumes corresponding to the grains,
A more complicated and rigid treatment followed and extended to
include the equilibrium distribution of components between the
surface and body (Ref.4: S.Z. Bokshteyn, S.T. Kishkin, L.M. Moroz,
Study on the structure of metals by the method of radioisotopes,
Metallurgizdat, 1959). A real crystal has also been treated
(Ref.5: B.S. Bokshteyn, I.A. Magidson, I.L. Svetlov, Fizika
metallov i metallovedeniye, v.6, no.6, 1958) as an arrgy of .
spherical grains, taking the boundary width as 5 x 10=-° cm, the
value in the original treatment (Ref.l) being 5 x 10-8 cm.

The effect of sub-structure on-diffusional mobility has been
examined (Ref.7: B.S. Bokshteyn, T.I. Gudkova, Izv. vysshikh
uchebnykh zavedeniy, Chernaya metallurgiya, no.5, 1960), it being
found that the diffusion coefficient could be several orders
greater along block boundaries than inside grains; the thickness
of the boundary-adjacent layer for self-diffusion of iron was
found to be about 10-% cm, the activation energy being about

30 000 cal/g.atom. The activation energy for self-diffusion in
pure metals is well represented by the empirical relation of

Card 2/ 7
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V.Z. Bugakov (Ref.9:; Diffusion in metals and alloys, Gostekhizdat,
1949) that it is 40 times the fusion temperature, and it has been
concluded {Ref.10: M.Ye, Yanitskaya, A.A. Zhukhovitskiy, '
S.Z. Bokshteyn, DAN SSSR, v.112, no.k&, 1957) that the diffusion
activation esnergy, in contrast to purely thermodynamic properties,
greatly affects metal structure, Any crustal-structure
disturbance facilitatea diffusion, In the next section the
‘- author considers the grsin boundary; substructure and diffusion.
At grain boundaries, whose structure always differs from that of
the grain (Ref.1ll: Metal Interfaces, Cleveland A.S.M., 1952) there
is an extra 2000-5000 cal. of energy per mol, the activation
energy for self-diffusion being about halved. The high mobility .
along grain boundaries has been clearly demonstrated for self-
diffusion (e.g. Ref.lks S.Z. Bokshteyn, S.T. Kishkin, L.M. Moroz,
2avodskaya laboratoriya, no.3, 1957), autoradiographically; this
is the only method by which the persistance of the predominance of L///
self-diffusion along grain boundaries to high temperatures can be
demonstrated. An exception to the general rule is titanium, in
which diffusion of;, for instance, iron is quicker through the
grain than along the grain boundary. Contrary to some views

Diffusion and structure of motals
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1955) preferential diffusion along boundaries occurs in inter-
stitial solid solutions, e.g. diffusion of carbon in alpha- and —_
gamma-iron, The enormous effect of grain boundaries on diffusion
is associated with their structural peculiarities, as confirmed by
the influence of tke degree of disorientation of adjacent grains
(e.g. Ref.18: R, Franger, Smoluchowski, R., Journal Appl. Phys.
no.7, v.22; M. Achter, R. Smoluchowzki, Phys. Rev., v.76, 1949),
The influx of atoms to the boundary is not balanced by their eflux,
and this can lead to a local excess of vacancies, Block boundaries
alsoc play a part (e.g. Ref.32: S.Z. Bokshteyn, S.T. Kishkin,

V.Ye, Osvenskiy, Metallovedeniye i termicheskaya obrabotka
metallov, no.6, 1960) as can retained internal separation surfaces
(Ref.23%;: P.L, Gruzin, Ye.V. Kuznetsov, G.V. Kurdyumov, Symposium
'Problems of Science of Metals and Physics of Metals’, no.u,1954).
Dealing with diffusion along external metal surfaces.and surface
layers, the author statea that this has been studied least,
although some work has been done (e.g. Ref,.26: R. Nickerson,

E. Parker, TASM, 42, 1950). With a compacted powder such

Card &/ 7
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diffusion can be atudied conveniently, For example (Ref,.30:

B.S. Bokshteyn, D.K. Belashchenko, A.A. Zhukhovitskiy, Izv. AN SSSR,
OTN, Metallurgiya i toplivo, ne.6, 1960) surface-diffusion
coefficients and activation energy (approximately 11000-12000 cal/g.
stom) for tin in nickel have been determined., The effect of phase
boundaries on diffusion rate has not been confirmed experimentally,
In the next section the author deals with phase transformations,
crystal structure and diffusion in metals, He and others (Ref,31:
S.Z. Bokshteyn, A.A. Zhukhovitskiy, S.T. Kishkin, E.R. Mal'tsev, _
Nauchnyye doklady vysshey shkoly, no.4, 1958) have shown that the ¢

Diffusion and structure of metals

polymorphous agdy transformation does not increase the self-
diffusion of iron whersas the complex eutectoid transformation does. L///
They have also shewn (Ref,32: S.Z. Bokshteyn, S.T. Kishkin, —

V.E. Osvenskiy, Metallovedeniye i termicheskaya obrabotka metallov,
no.6, 1960) that in titanium alloys recrystallization can increase
mobility of tin, This is to be attributed to differences in the
internal boundaries rather than differences in packing density.
After ageing a nickel alloy the grain-boundary diffusion rate of
tin is reduced to 1/5 that in the hardenesd alloy. The author
attributes observed wire movements ,_r‘rtO'th%rncdy'namic factors rather

Card 5/7
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author draws attention to the 1013-fold difference between the
experimentally determined value of the pre-exponential factor and
that calculated, assuming a simple diffusion mechanism. Although
& new structure is formed (Ref.44: S.Z. Bokshteyn, M.A. Gubareva,
S.T. Kishkin, L.M. Moroz, Zavodskaya laboratoriya, no. 1o, 1960)
the location of atoms of the iron and nickel at the initial
boundaries of the deformed metal is not affected by recrystalliza-
" tiom. This holds also for atoms of impurities forming
substitutional solid solution with iron but not if the solid
solation is interstitial (carbon in iron), when a specific
mechanism different from ordinary diffusion comes into play.
There are 6 figures, 2 tables and 46 references; 23 Soviet-bloe,
5 Russian translations from non-Soviet-bloc authors and 21 non- )
Soviet-bloc. The four most recent English language references readt
Ref.2: R.T. Wipple, Phil, Mag., v.45; no.371, 1954, L///
Ref.8: A.A. Heudrickson, E.S. Machlin, Journal of Metals, no.9, —
v.6, 1954, ’
Ref.19: Jukawa, M. Sinnot, Journal of Mstals, no.9, v.7, 1955.
Ref.45: R, Balluffi, Z. Seigle, Journal Appl. Phys., V.25, 1954,

Card 7/7

APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5"



"APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5

s/129/61/000/011/001/010

i i

D ffuslonuand structure of ngtals E111/E135 . A |
than differences in mobility of the components. The effect of ’ b////
strsss and deformation on diffusion is next considered, The author

>

and others have shown (Ref.3&: S.Z. Bokshteyn, T.I. Gudkova,

A.A. Zhukhovitskiy, S.T. Kishkin, DAN SSSR, v.121, no.6, 1958, and
Ref.35: S.Z. Bokshteyn, T.I. Gudkova, A.A. Zhukhovitskiy,

S.T. Kishkin, Some Problems of Strength of Solids, AN SS5SR, 1959)
that tensile stresses increase both self- and hetero-diffusion,
the rise in the low elastic-plastic region being 2-3 fold, and
considerably more in the plastic region (Ref.}@). The relative
change decreases with increasing temperature, Irreversible
structural changes produced by plastic deformation have an
important effect (Ref.34). The initial deformation of tin in
nickel is only restored after annéaling at 1200 °C (Ref.35).
Deformation leads to a high surface diffusional mobility; this
effsct decreases rapidly with increasing depth, disappearing
within a few microns. The author points out that diffusion
influences the high-temperature fractures of metal, through
vacancy distribution and pore formation and development (e.g.
Ref . 40: Ya.Ye. Geguzin, Fizika metallov i metallovedeniye, no.5,
vol,1, 1957). Discussing recrystallization and diffusion the
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) I‘ed' izd-va; VAYNSHTEYN, YeoBo, tekhno redo

[Phase transformations during the heat treatment of steel.]
Fazovye provrashcheniia pri termicheskoi obrabotke stali,
Moskve, Gos. nauchno-tekhn.izd-vo lit-ry po chernoi i tsvet-
noi metallurgii, 1962. 268 p. (MIRA 15:2)
(Steel—-Heat treatment)
(Phase rule and equilibrium)

APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5"



"APPROVED FOR RELEASE: 06/09/2000

ARSI gt o b S

CIA-RDP86-00513R000206110006-5

" ALFEROVA, N.S8., doktor tekhn. nauk; BERNSHTEYN, M.L., kand, tekhn,
nauk; BLANIER, M.Ye., dolctor tekhn. nauk; BOKSHTEYN, S.Z.,
doktor tekim,nauk; VINOGRAD, M.I., kand, tekhn.rnauk; GAMOV,
M.I.y inzh,; GELIER, Yu.A., doktor tekhn, nauk; GOTL1B, L.I.,
kond, tekhn., nauk; GRDINA, Yu,V,, doktor tekhn.nauk;
GRIGOIOVICH, V.K., kand. tekhn, nauk; GUIYAYEV, B.B., doktor
tekhn, nauk; DOVGALEVSKIY, Ya.l., kand. tekhn, niuk; DUDOVISEV,
P.A., kand. tekhn. nauk [deceased}; KIDIN, I.N., doktor tekhn.
nauk; LEYKIN, I.M., kand. tekhn, nauks LIVSHITS, B.G., doktor
tekhn, nauk; LIVSHITS, L.S., kand.tekhn, nauk; L'VOV, M.A.,
kand, tekhn. nauk; MEYERSON, G.A., doktor tekhn. nauk;
MINKEVICH, A.N., kand., tekhn. nauk; NATANSON, A.K., kand.
tekhn, nauk; NAKHIMOV, A.M., inzh,; NAKHIMOV, D.M., kand. tekhn.
nauk; OSTRIN, G.Ya., inzh.j; PANASENKO, F.L., inzh.; SOLODIKHIN,
A.G,, kand. tekhn.nauk; KHDMUSHIN, F.F., kand. tekhn. nauk;

CHERNASHKIN, V.G., kand. tekhn. nauk; YUDIN, A.A., kand. fiz.-
mat. nauk; YANKOVSKTY, V.M., kend. tekim, nauk; RAKHSHTADT,
A.G., red.; GORDON, L.M., red. izd~va; VAYNSHTEYN, Ye.B., tekin.
red. (Contimed on next card)

APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5"



"APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5

e

ALFEROVA, N.S,~=~ (contimied) Card 2.

[Metallography and the heat treatment of steol]Metallo-
vedenie 1 termicheskaia obrabotka stali; spravochnik,
I12d.2., perer. i dop. Pod red. M.L.Bernshteina i A.G.
Rakhshtedta. Moskve, Metallurgizdat. Vol.2. 1962,
1656 p. (HIRA 15:10)
{Steel—Metallography)

(Steel—Heat treatment)
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AUTHORS ¢ Kishkin, S.T., Corresponding Member of the AS.USSR,
Lozinskiy, M.G., Doctor of Technical Sciences,

Bokshteyn Z., Doctor of Technical Sciences,Professar,
Sokolkov, Ye.N.,, Candidate of Technical Sciences
TITLE: Influence of high-temperature plastic deformation f‘

on the mechanical properties of heat-resistant
nickel-base alloys

no.1l,.1962, 38-40 + 1 plate

TEXT: Two Ni-Cr-base alloys were investigated: the low-carbon
IM4378 (EI437B) alloy of the standard composition and the
31617 (EI6I7) alloy, containing 0.12% C and additions of W and
Mo, The alloy EI437B was subjected to the following thermo-
mechanical treatment: blanks of 16 mm diameter were first soaked
for 8 hours at 1080°C and rolled at this temperature at a rolling
speed of 4,5 m/min to 30% reduction. 0.2 to 0.3 sec after
deformation, the blanks were quenched to supercool the austenite

PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov, Qx( -

Card. 1/4

APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5"



"APPROVED FOR RELEASE: 06/09/2000

GEORATAATE DATCIE AEY &
. 1 .

CIA-RDP86-00513R000206110006-5

a3l6ls

5/129/62/000/001/007/011
Influence of ... E073/E335

and to retain the structure, produced as a result of high-
temperature plastic~deformation. The blanks were then :
aged at 700°C for 16 hours, Blanks of the alloy EI6l7 were
heated to 1200°C and stamped in a press, SO that an average
reduction of 30% was achieved; this was followed by quenching

in water, The blanks were then aged at 800°C for 16 hours.

The results of static tensile and impact tests at room
temperature are given in Table 1, Studies of the influence of
thermomechanical treatment on the creep strength of austenitic
steels revealed that recrystallization should be prevented

during high-temperature plastic deformation since it would

cancel out the beneficial effects of the thermomechanical
treatment. Microstructural investigations correlated

with the results of mechanical tests indicate that the increase in
strength and ductility occurs even if recrystallization has not
been fully suppressed. The increase in strength is

attributed to.an increase in the quantity of the

carbide phase, to changes in the finely crystalline
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structure of the material and to texturings The large increase
in the ductility of the investigated allioys is obviously due

to the absence of intercrystalline fracture. The following
participated in the experiments: N.I. Korneyev; T.A.Gordeyeva,
Ye.I. Razuvayev, O.N. Podvoyskaya, M.N. Kozlova,

L.M. Strizhevskaya, T.A. Volodina, N.F. Lashko, E.V. Polyak,
G.N. Korableva, A.V. Bulanov, M.I. Spektor and I.G. Skugarev.
There are 2 tables and 7 references: &4 Soviet-bloc references
and 3 non-Soviet-bloc. The three English-language references
mentioned are: Ref. 4: E.B. Kula, J.M. Ohosi -~ "TASM", vi52,
1960; Ref. 5: DJ.Schmatz, J.C. Shyne, V.F. Zackay - Metal
Progress, v.76, no. 3, 1959; Ref. 7: E.B, Kula, S.L. Lopata -
Trans. AIME, v.215, 1959.
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Table 1l:

Mechanical Properties
Alloy Treatment oD, 21 d‘i), b, \'), ay s HB

kg/pm® kg/mm> % % kegm/cm> (dém?
mm

EI437B Standard (reference

specimens) 97.0 25.0 20,9
TMO ¥ 119 32,0 30.7

Standard (reference
specimens) 71.7 103.7 14.6 10.1 1.8
TMO™ 93,8 129.6 31,2 25.9 7.8

% Plastic deformation of supercooled austenite
followed by conventional hardening and tempering
treatment.
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AUTHORS: ﬁggghinxn,_s.za, Kishkin, S.T., Lozinskiy, M.G. and
Sokolkov, Ye.N. (Moscow) '
TITLE: Thermomechanical treatment of a chromium-nicltel-

manganese austenitic steel

PERIODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye
telkhnicheskikh nauk. Metallurgiya i toplivo, no. 2,
1962, 15 - 21 »

TEXT: The, so-called, "thermomechanical treatment" (TMO)

consists essentially of combining plastic deformation at

temperatures above the recrystallization temperature with

quenching under conditions precluding recrystallization of the b/ﬁ/

plastically deformed material. The effect of this treatment on

the structure and properties of various materials has already

been studied by other workers. Some additional data on TMO

of austenitic steels are presented in'the present paper, with

particular reference to the properties of these steels after

20 to the ageingtreatment and to some characteristics of the
diffusion processes.  The experiments were:conducted on chromium~-
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nickel-manganese austenitic steel 3w 481 (EI481) specimens,

15 and 60 mm in diameter, the former 150 and the latter 250 mm
long. The plastic—deformation‘part of TMO was effected by
rolling at 2.4 m/min in the case of specimens 60 mm in diameter
and at 4.5, 7.5 and 135 m/min in the case of 13 mm diameter
specimens. 25 and 30% reduction was given in each case.
Racrystallization of the 13 mm diameter specimens was suppressed
by immnedipte quenching in a water tank mounted on the rolls
mowsing, the time interval between completion of the rolling
operation and quenching amounting to 0.2 to 0.3 sec. Rapid
cooling of the 60 mm diameter specimens was attained with the
aid of a ‘specially designed spraying device. Preheating of

the test pieces for rolling was done in air in an electric
furnace, the preheating temperature and time being 1 180 C and
2 hours, r¢spectively. TMO of small (15 mm diameter) test
pieces was carried out after cooling them from 1 180 to

1 100 OCQ};In the case of large (60 mm diameter) test pieces
TMO was applied at- the preheating temperature and after cooling

Card 2/8' -
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to' 1 150, 1 100, 1 050 and 1 000 °C. A number of test pieces
were given conventional treatment (water-quenching) to obtain
control specimens§for comparison. ALl the test pieces (whether
quench-hardened of subjected to TMO) jvere aged at 680 "C, for

10 hours, after which they Were“gchJ an additional treatment
of 10 hours at 790 °C, followed by aig-cooling so as to attain

haréness corresponding to the indentation diameter d B R
& o n '

= 3.5 = 3.7 mm. In addition to standard tensile tests at room
temperature, tests at 650 °C were carried out under conditions

of short and prolonged loading, the latter (i.e. creep) tgsts
being conducted under an applied stress of 39 or 43 kg/rm” .

To study and compare the progress of diffusion processes in
material subjected to TMO or given the conventional treatment,

the rate of diffusion was measured by a radioactive-tracer
technique, entailing cutting a taper section across the diffusiown
region. 5 '

A.thin film of Fe ? was electrodeposited on the specimens stucied,
which were then given a 150-hours diffusion-annealing treatment -
at 800 C in wvacuum, after which both volume and grain-boundary
Card 3/8 ' ' ;
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diffusion coefficients were determined. - Overall diffusion
coefficients were also calculated with the aid of the
absorption method. Phase-analysis was used to study the effect
of hot plastic deformation on the process of carbide-formation
during ageing. Electrolytic extraction of the carbide phase
from various test pieces was carried out in a 5% solution of
hydrochloric . acid in methanol. The anode residues werd also
examined by X-ray diffraction measurements. Preliminaly
ercamination of the microstructure revealed that, irrespective
of the rolling spéed employed during ™O0, full suppression ot
recrystallization had been-achieved in small (13 mm diamgter)

test pieces only.f None of the TMO pﬁocedures used on large

(60 mm diameter) test pieces had ensured suppression of the
recrystallization process. The results of standard tensile tests
at 20 and 650 OC, carried out on small specimens, showed that

T30 brought about a slight increase in UTS at 20 (from

108 - 114 kg/mmz) but had no effect on the strength of steel

at 650 °c. The variation in plasticity was so ewhat different.
Card L/8
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Thus, as the rolling speed during TMO increased, the elongation
‘of steel at room temperature decreased below that of Specimens
neat-treated in the conventional mamner and then increased to
ciceed this wvalue. The same applied to reduction in area which,
after THO entailing deformation by rolling at 13.5 m/min, attained
o value of 33.2¢, i.e. 25% higher than the value attained after
conventional treatment. The results of tensile tests at 650 °c
also showved a slight increase in elongation of Specimens
subjected to T»0, although reduction in area of Specimens
rolled at 15.5 w/min was somewhat lower than that of the control
test pieces. The results of ‘accelerated creep tests conducted
o1 small test pieces under a stress of 43 kg/mm” showed that
i <1 during TMO, the time~to-rupture
Steels studied increased after this treatment by 20-25¢;,
The corresponding increase for specimens tested under a stress

of 39 lz.g/r.:m2 amounted to 600%. Metallographic examination of
small specimens showed that recrystallization during TMO had

been completely suppressed in each of the Specimens ‘examined.,
Thais was indicated by the absence of new small crystals which
Card 5/8
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were usually formed in recrystallized material along the
boundaries of the original grains. A common specific structural
feature of all Specimens subjected. to TMO was distortion of
grain boundaries which had assumed a characteristic serrated
contour. A distinguishing feature of specimens 1olled during
TMO at a speed of 4.5 m/min was well-developed sub-structure.
Tre formation of sub-structure was associated with the formation
O- blocks (several tens of microns in size) in the interior of
the grains. The relatively large angular misalignment of thesc
blociks was indicated by the ease with which the block boundaries
. could be revealed by etching. No such clearly defined sub-
siructure was observed in specimens rolled during TMO at higher
Speeds, although in a feow isolated instances there was some
evidence of blocl formation. The formation of the Tine structure
could be attributed to Polygonization processaes and subsequent
decoration of the low-angle boundaries by the soluto atoms and
Second~phase particles Another specific feature of the structure
procuced by TMO is the}fragmentation of grains, i.e. sub~division

Card 6/8 . K
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oS grains into parts whose dimension are comnsieasurable with
tie size of tfhe grains. themseglvas. It would appear that
Tragmentation is mainly a result of intensive twinningﬁalcing
2lace during hot plastic deformation. . As stated already, none
of the TMO proce

D2leces ensur

The results or phase
gh the chromium-carbide'content of
jected to TMO had increased:considerably, it was
independent of the rolling speed employed in the course of this
treatment. The vanadium=-carbide content of the material was
practically unaffected by TMO. "Finally, the results of diffusion
studies indicated that after TMO the coefficient of volune

o s X . . o .
€iffusion of iron in ste C increased fourfold. Since,

owing to a general increase in the diffusion mobility, difficulties
Were encountered in determining the grain<boundary diffusion

Cara 7/8
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Thermomechanical treatment .... E195/E5853 .

coefficient, the overall diffusion coefficients were measurcd
by the absorption method. Comparison of the results obtained
for test pieces with different structures showed that the
overall diffusion coefficient for materials which had undergone
THO was more than twice as high as that for specimens given the
coaventional treatment. The general conclusion reached was

thrt in addition to the previously established strengthening

el ect of grain-boundary distortion caused by TMO,, the beneficial
effcct of this treatment on the high-temperature properties of
Stcel was associated with an increase in the guantity of the
Strengthening phase and, possibly, with refinement of the mosaic
structure and formation of slight texture. There are % figures
and 2 tables. ‘ )

SUBMITPED: October 11, 1961
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AUTHORS : Boksh Doctor of Technical Sciences.
Professor, Kishkin, S:Te, Corresponding Member of the
Academy of Sciences and Moroz. L.M., Candidate of
Technical Sciences
TITLE: Influence of carbon on the movement of grain
poundaries in the recrystallization of iron

PERIODICAL: Metallovedeniye i. termicheskaya obrabotka metallov.

no. 3%, 1962, 8 - 15
TEXT: Liicke and Detert (Ref. 1 - Acta Metallurg. V.5, RO 11,
1957) and Beck (Refo o _ Metal Interfaces, Cleveland ASM, 1952)
consider that there is a sharp drop in the speed of recrystalli-
zation when the concentration of an impurity reaches some
critical value (about 0.01%) below the solubilitYo Impurities
forming a second phase also retard the growth of recrystallization
centres. Using their radioactive-isotopes technique (Ref. 6-

nZavodskaya laboratoriya, noe- 10, 1960) the present authors and
JZ

M.A, Gubareva have studied the influence of carbon on the
daries in the recrystallization of

behaviour of grain boun
Card 1/4
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technical-grade iron. Carbon was chosen as an element
practically insoluble in alpha-iron; it 15 known to lead to

an increase in the activation energy of recrystaliization of
iron and, if present in quantities even slighly 1pn excess of 1ts
solubility, to prevent collective recrystallization, particu-
larly at 620 - 700 °c. Specimens were saturated with carbon
from donors at 700 °C for 2 hours. The behaviour of carbon
atoms at iron-grain boundaries was followed directly during
deformation and subsequent recrystallizing annealing.
Recrystallization was studied on specimens 10 - 15 and 50 -~ 704
deformed, the first being in fact close to the critical value.
Autoradiograms obtained before and after deformation were com-
pared. From this and the microstructure the behaviour of the
carbon was evaluated. The sizes of all grains increased after
deformation; heating to 550 ®C failed to produce recrystal.
lization but growth of alpha~phase grains occurred. Carbon
tended to move towards grain boundaries even when this meant
going into a region ot higher carbon concentration. at 650 OC
recrystallization was almost complete, the carbon remaining at

Card 2/
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the grain boundaries produced after heating at 550 Cc.
Although recrystallization was practically instantaneous, a
completely new fine-grained structure was produced. Heating to
750 °c produced growth of recrystallized grains and movement .
not always complete, of carbon to the new grain boundaries.
Recrystallization annealing at 700 C for 45 min of specimens
after 13% deformation gave little change in microstructure;
carbon moved from the boundaries of deformed grains to those
of the new recrystalliized grains. The influence of the alpha-
gamma transformation on the behaviour of carbon atoms located
at boundaries was studied in another series of experiments.

For this purpose specimens were heated at 950 °C for 1 hour.
Completely new grains were produced, the carbon both migrating
to them and forming large accumulations of carbides. It is
evident that the behaviour of impurity atoms located at
boundaries and forming interstitial solutions is very different
from that of boundary atoms of the base element: as shown
previously (Ref. 6), boundary atoms in iron recrystallization

Card 3/4 X
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(or polymorphic transformation) remain

Same position;
boundaries,
There are 8 figures and 1 table,
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AUTHORS: Bronfin, M.B., Bokghteyn, S.Z., Kishkin, S.T.
TITLE: The self-diffusion of molybdenum in molybdenum-zirconium alloys.

SOURCE: Akademiya nauk S5SR. Institut metallurgii. Issledovaniye splavov
tsvetnykh metallov. no.3. 1962, 12-18.

TEXT: The paper describes experimental work done to clarify the dependence
of the volumetric self-diffusion (SD) parameters of Mo on two factors: (1) the
amount of alloying Zr present; (2) the antecedent cold-working of Mo alloys. The
work is intended as a contribution to correlations between the rate of self-diffusion
v

and creep, such as those which O.D. Sherby, R.L.Orr, etal.have tried to estab -
lish causally (J. of Metals, v. 6, no.l, Sect.I, 1954, 71-79; Trans. ASM, v.46, 1954,
113-128). Test material and methodology: Large-grain specimens were used to
reduce the share of boundary diffusion in the total diffusional flux. The Mo and its
Zr alloys were vacuum arc-smelted, rolled into an 18-mm diam rod, and high-T
annealed at above 1700°C; the alloys ranged from 0.005% Zr to 0.54% Zr. Right-.
cylindrical plane-parallel specimens 14-mm diam, 4-mm high, were cut out of the
rods and were subjected to a 10-15-hr stabilizing anneal at 1,950-2,000°C in a

10"3'-10'4 torr vacuum, whereupon the grain gize in all specimens attained 1-2 mm.

* Card 1/3
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Part of the specimens were upset on a press at 20° (height reduction 25%) to investi-
gate the effect of cold working on the SD of the Mo. The specimens were elactrically
polished, whereupon one of their faces was activated with radioactive Mo?? in a
galvanic bath. Diffusion anneal was then performed in a special vacuum furnace
(exploded view shown) at 10-3-10"% torr and 1,720-2,000°C. The SD coefficient was
measured by the two senior authors' method (Zavodskaya laboratoriya, no.7, 1960,
828-830) based on the shift in the activity curve {summarized). Test results: The
self-diffusion parameters measured (and tabulated) indicate an appreciable augmen-
tation effect of even small additions of Zr on both the self-diffusion activation energy
of the Mo and the factor before the exponential term. Thus, at T above 2,000°C the
SD coefficient of Mo does not depend on the alloying, but at T below 1,700°, in which
the value of the activation energy is decisive, the SD rate decreases with increasing
Zr content (numerical values tabulated). Even though antecedent cold-working de-
presses the SD activation energy of the Mo in Mo-Zr alloys, the activation energy

of upset specimen increases with increasing Zr content. Inasmuch as the diffusion
anneal of the deformed alloys was performed at a T substantially above their recrys-
tallization T, the latter was completed in but a fraction of the anneal time, and the
diffusion in the grain volume continued through an extended time in the absence of
any structural transformation, so that any observed lowering of the SD activation
energy of the Mo is regarded as a result of irreversible structural changes attribu-

Card 2/3
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table to the cold-working of the alloy. The increase in activation energy during the
anneal is attributed to a healing of crystalline-lattice defects which previously had
served as "short-cut paths" for the diffusion; cold-working appears to firm up the
The relationship between
activation energy is further examined and, in agreement
with G, J. Dienes (J. Appl. Phys., v.21, no.11, 1950, 1189) and 3 Soviet authors, is
found to be exponential, 8 of this investigation agree with existing
knowledge on the favorable effect of relatively small additions to Mo on its recrys-
tallization T, its hardness (ref. Pipitz, E., Kieffer, R.. Zs, f{, Metallkunde, v. 46,
no. 3, 1955, 187-194), and its high-T stress-rupture strength (Northcott, L.
Molybdenum, Russian translation, Moscow. Foreign Lit. Pubi. House, 1959, 107-108).
There are 2 figures, 4 tables, and 16 references (11 Russian-language Soviet, 1
German cited above, 4 English-language of which 1 is a Russian translation).

ASSOCIATION: None given,
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E071/E492
AUTHORS : _Bokshteyn, S.Z., Doctor of Technical Sciences,Professor,
Bronfin, M.B., Engineer, Kishkin, S.T,, Doctor. of
Technical Sciences, Professor, Moroz, L.M,, Candidate

of Technical Sciences
TITLE: Grain boundaries on recrystallization

PERIODICAL: Metallovedeniye i.termicheskaya obrabotka metallov,
no.9, 1962, 6-8 ’ .

TEXT: This is a continuation of earlier work ("Zavodskaya
laboratoriya", no,10, 1960). The behaviour of W, Ni, Sn and

C admixtures present at the grain boundaries during recrystallization
of iron (0.021% C, 0,014% P, 0,011% S, 0.67% Si, 0,07% Al,

V.08% Mn, 0.06% Ni, 0,033% Cu) was studied by autoradiographic
investigation .and microstructural analysis, The admixtures,
forming with iron substitutional solid solutions in the case of
W, Ni, 5n and interstitial solid solutions in the case of c,
were introduced by diffusion saturation at 600 to 700°C. The
recrystallization was carried out after preliminary deformations
of 10 to 15 and 50 to 70%. The Ni, W and Sn were completely

Card 1/3
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soluble in iron at all recrystallization temperatures

investigated and remained in their original lattice positions,
despite substantial changes in the structure of the metal.

The behaviour of carbon atoms was substantially different:

above 750°C carbon passed from the boundaries of deformed grains
to the boundaries of new recrystallized grains. However, in the
initial stages of recrystallization (after 30 to 45 min at

650 to 750°C) carbon atoms remain at the boundaries of the init.al
grains and boundariecs of the new grains remain free from carbon,
The possibility of '"heredity", i.,e. preservation of the initial
structural and concentration non-uniformities in recrystallized
metal was demonstrated on a molybdenum alloy (0,54% Zr, 0.0035% <r,
0.0008% Ti and 0,011% C). A thin layer of tungsten 185 was
electrodeposited on the surface of a flat specimen of the deTormed
alloy, submitted to a preliminary annealing at 1700°C. The
activated specimen was then annealed in vacuo at 1750°C for

100 hours, Autoradiographs of an oblique section showed the
presence of an accelerated diffusion not only along the boundaries
of the newly formed grains but also a preferential penetration of
Card 2/3
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the w185 along those sections where old grain boundaries were
Passing before recrystallization. The velocity of diffusion
along the old boundaries was lower than along the new boundaries,
nevertheless it was noticeably faster than .volume diffusion.

produced at the’beginning and at the end of the
boundary migration. There are 6 figures,
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Breaking test for whiskers of co
pper, nickel, and
crystals. Fiz,tver,tela 4 no.?xl735:1742 Jl"62. obalt

(Strength of materials--Testing) (Metal cr;gzut};gs%égé)
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AUTHORS ¢ . Bokshteyn, 8, 2., and Svetlov, Is Lo

TIFLE: Determination of shape and gize of cross gsection in filiform
crystals

PFRIODICAL: Zavodskaya 1aboratoriya, V. 28, no. 9 1962, 599 - 596

pEX7: The strength of filiform crystals jg said to be best determined from
the shape and gize of cross section on the crystal frecture pointﬁ The
cold-hardening plastic 712-9r4-X0(712—9M—Kh0 was used in devising & _;_,,
method of producing microouts and of determining the shape and size of the
cross section. The plastic wed poured into o special frame to prevent the
crystel from warping and, after polymerization, the microcubs wexe produoed
by the asuel method, and examined with an MBV -6 (MBI-6) microscope underx
2000-fold magnification. i r crystal cuts were
examined in this way. The cross sections btained bY reduction
of copper iodide were mostly hexagonal, 1 quare of rect-
angular; & good number were of bizarre ghapes. The range of oread 8, of
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© AUTHOR: B Dscshteyn, S. Z., Bronfln, H.: .,'R'Ianchva V. A.
° TITLE:. Effect of prehminarv ylastic defornatinn on the internal friction, of
‘-,mclybdenum and molzbdenum alloys" : R 31-,

/."SOURGE. ?aesoyuznaya kongerentsiya po: rela}csatswnny*m yavleniyam v metallakh i .
*_splavakh, 3d, Voronezh, 1962, Relaksatsionny¥ye yavieniya v metallzkh 1 splavakh

"{Relaxation phenomena in wmetals and alloys}, trudy® konferentsii. HMoscow, Metal-
lurgizdat, 1963, 123-127 :

.- TOPIC-TAGS: maljbdenum, molybdenm aliov_, mterm.l -friction, molybdenum plastlc o
:defomatma. ' RIRTRRE, L : e . :

L ABSTRACT-— T}w aut}aozs 1nvest3.gated the xelationdaip between the- temperatu:e of

f‘-,max‘xrum 1nternal friction cornected with plastic: deformatmn and the grain size,
‘in-an”attempt to explain ‘the shift of. the deformzxtion maximuyg toward high tem-.

: 'peratures when the: grain s:lze inc:ceases.‘ Holyhdemm pmv‘derugnd cast binary alloys LB

. of molybdenum with zirconium. {0.13% ZrY and rhenium {50} by weight of Re) were

. tested; the 110-120 mm wire. samples were: tested on a torque pendulum in a vacuum
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of 10-5 mm 1] : 'Ihe -'}xeat:mg rat‘. was 2 _eg/mm. in- :hu ZOaIOOOG range. Maximum
deformation was below 10-3,  The torque.osc111ation irequency for measuring inter-

1 nal friction was 0.35-0.40 cycles/sec.: Hydrochloric acid in an alcoholic solution

i was used for electrolysis of the sample-to increase the internal friction. all
mio’?ﬁ ‘passed ‘througiry reerysraitizarion:at-three different temperatures. The
maximum of internal-friction after prel'minary plastic deformation was on the hlgh
temperatuze side, but the internal friction constently decreased as the annealing

. temperature increased, especially Detween 200 and 60DC. In the discussion, it is

! pointed out that modern theory considers "the crystal structure to be a three-
dimensional lattice, segments of which may bend under low stress. The equation
derived in the paper shows that the mcdulus of elasticity of materials with dis-
iocations is lower than for materials-without dislocaticns. Plastic deformation

~-thus -increases the dislocation dens;ty in the metal: grains, lowering the effective

 modulus of elasticity and increasing internal friction, The waximum of internal

" friction connected with plastic .deformation ds:reached only for a certain reiation-
ship of degrees of freedom of osc111atang -dislocations and introduced atoms of
admixtures. The izrreversible lowerireg of internal. friction at temperatures ex-

ceeding the maximum temperature is cansed in the opinion of the authors, not
:only by an increase in the difiusion ncbility of the introduced atoms, but also
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by 1he lowermg of rela:ively ‘ree dlslocations due to polygonization, The lack of
a maximum connected with plastic deformation fdr the molybdenum-rhenium alloy in-
dicates that there is a great diiference betwepd the deformation of this alley) and
that of the molybdenum-zizconium a},ley or ypure*molybdenum, For the rheniun'!a toy,
plastic deformation is not accnrhp% od by the quantity of relatively free dislo-
gcati Lons, w‘ucn ;ead to the appearancp rof thﬂ - fsrmataor masimum of intez aal fric-

_-iiss!‘ EIA’HON#; Vsesuyuzny*y instltut avlatsionnys‘fkh materialov (All-vnion Institutei‘
‘of szatlon Matenals} : .

* SUBNITIED: 10Nov63

?.';qo'_.m“spv.'-%‘;-.iobl{-f_j T o
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_AUTEOR:  Bokehteyn, S. %5 Kishkin, S, 7,; fikishov, 4. S.; Polyek, E, V.;
- SolovyevaFgr=—- I : T

- PITIE: Aging of plastically deformeg ailoys {(‘: S

' SOURCE: - Metallovedentiye i_termicheské‘ya 6brabptka metallov, no. 5, 1963, Lo-44 :

*'i'POPIC ‘MAGS: _thermomecheanical treatment, high temperature, low temperature,
! heat resistant steel, beat resistant: 8lloy, titanium alloy, eging, mechanical

properties, rupture life. )

;- ABSTRACT: A review of rublished reports on:thermomechanical treatment of steels
i~ end alloys (er) indicates that mup has & beneficinl effect on rupture strength
1 only up to a certain temperature, At higher temperatures the d.ii‘ﬁxsiqn processes
1. vhich cause softening procesd at a considerably higher rate than in conventionally
" treated alloys.. For lnstance, en yi identified] after mr -
;. 204 eging had a rupture life at '8 ) nventionally treated
"1 8lloys, although its tensile strength was 25% higher. At lower service tempera-
~ tures (550(; for Ni-base alloys and 450 1o 500C for Ti~bsse alloys) TP greatly
increases cereep strength and rupture life, especially vhen combined with aging,

Cord VBao
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“rhe Optimum combination of tensile strength,.
[ Tor the KhNGGTYuR &alloy [Nimonic B0A]- 15 obt

| 'greater effects can be

1 &b 200 by hO% and &% v }
B Of 75 kg/m?) vy 2504,  Orig, art, has:. L figures and 3 tables,

- ACCESSION NR: AP3000L88

-

Guenched, and aged at 5
T 145.5 kg/mm2, elongat
474, & notch ‘toughness of 2.0 wkg/em2, and:

52 kg/um 2 stress) of
treated alloy were 117.0 kg/mi2, 124, 34,

by weter aquenching;

at 650C under & stress of 62 kg/mm2;
treated alloys were 3 to 7 hr =nd 60 nr,

steel (forging with 60% reduction at 1010C
5.t0 10% reduction, combined with
450C vy 604

| 'ASSOCIATION: nome

notch toughness, and rupture lfe
alned by plestic deformation at 1
by eging,
50C for 2 nr,
ion of 9,k¢, ‘
! & rupture life (at 450¢ under

over 150 hr;-correspond.ing Tigures for a
: 2,9 mkg/em2,
achleved by two-stage TMp:

: reheating to 1000C and a secon
| of 5 to 10%, followed by water quenching and aging,
1= alloy hed e Tupture life of 200 hr at

s and the rup

o

The VTZ-1 Ti-base alloy,
had a tensile strength
reduction of area of -

conventionally
and 108 hr. Sti11
deformation at 1200C followed
deformation with a reduction
After such treatment the

'550C under a stress of 92 kg/mm2 and 100 hr |
corresponding figures for conventionally ;
Combined treatment of the 1khlowover .
» vater quenching, sizing st 600C wita
8ging for 2 hr) increased the tensile strengtn
ture 11fe (st 450C under a stress - -
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BLISTANCV, A.A.; BOXSHTEYN, S.Z.; GUDKOVA, T.I.; ZHUKOVITSKIY, A.A.; KISHKIN,
5.T. T

Investigating the effect of stress on porosity forming., Issl. po zharo-
proch, splav, 10:81-86 '63, (MIRA 17:2)
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AUTHOR: Bokshteyn, 8.Z.; Kishkin, 8. T.; Moroz, L. M.
" TITLE: Condition of grain boundaries during recrystallization

. ' SOURCE: AN SSSR. Institut metallurgii. Issledovaniya po gharoprochny*m splavam,
v. 10, 1963, 214-218

" TOPIC TAGS: metal fatigue, steel grain, recrystallizatidn. grain boundary

ABSTRACT: The present investigation dealt with two problems: Tirst, whether or not the
atoms of the initial grain boundary serve as the boundary of the newly-crystallized grains
and second, whether or not the initial grains leave traces of their inadequate structure, i.e.,
whether their inadequacies are completely elimin ‘ yn. Radioactive
isotopes were used for the investigation of the grain boundaries during recrystallization of
molybdenum, nickel, iron and iron containing various impurities. The results showed that
_the atoms of the base metal grain boundary do not take part in creating the grain boundaries -
of the recrystallized metal and that the boundaries of the recrystallized grains inherit some
of the structural features of the initial grain. Orig. art. has: 3 figures. '

" ASSOCIATION: Institut metallurgii AN 8SSR (Institute of Metallurgy AN 855K)
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| urmoR: iébkahtg { S. Z.; Svetlov, T. L, o 1 =3 /Z
o : TITIE: The effect of alloying on 'i:_hé strength ﬁwperfies-OfMg/"hi*’k‘zra

- : SOURCE: Pizike tverdogo tela; v 5;:::@. 6, 1963, 17491750

. fyT,OPIC TAGS: copper vhisker, copper-silver alloy-vhisker, strength, alloying,
' ‘ silver, impurity, size effect R : .

- | ABSTRACT: In en attempt t0 explain the high strength exhibited by whiskers of
i certain substances, the role of impurities was investigeted. Copper whiskers
- 1dusted in a vacuum of 10% mm HEg with silver powder were annealed in vacuum
- ;or in & streem of hydrogen under conditions essuring diffusion of the silver to
: the ‘center of the thickest whisker.' The alloyed whiskers were then subjected

;8 tensile test, Alloyed whiskers more than 4,5H ,in dismeter were found to be e
- istronger than the same size pure-copper vhiskers;' Tor small diameters the ‘
. ireverse was true,. The dependence of strength a diemeter (size effect) is far = |
- " |less marked in alloyed whiskers then in pure-copper whigkers. In thick vhiskers, -
i L . A . i

o leedfe
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: 512 al.defects 1is hi _ pparently acts as a
1" strengthener and the strengthening mechanisms a;‘ei epparently the same as those .
~ |, uwsually essociated with alloying (formation of a solid solution or precipitation | .

- of & second phase}, Inpurities in thin vhiskers (d less thap be5 B ) ’ '

1 tha:ev:ri a;;paren;]g:{ ixirpair' the perfectneas of the crystal lattice and facilitate
. mucleation of dislocations, thereby reducing the stre '

| -ortg. ext. bas: 1 figure. . : g v e 118 | ‘:B b ngth Qf thé wh;ake}*g. .
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AUTHOR: Bokshteyn, §.2.; Bronfin, M. B.; Kishkin, 8.T.

" TITLE: Surface and bulk diffusion of tungsten in molybdenum

. SOURCE: Frotsessy* diffuzil, struktura 1 svoystva metallov (Diffusion processes, structure -’ '
4 - and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeniye, 1964, 25-35 |

TOPIC TAGS: tungsten, molybdenum, surface diffusion analysis, bulk diffusion analysis,
autoradiographic analysis method, activity curve analysis method, diffusion coefficient,
diffusion equation, diffusion activation entropy, vacancy formation energy '
ABSTRACT: The radioactive isotope w185 was electroplated on fine-grained flat plates of
Mo for autoradiographic analyses of bulk diffusion and surface diffusion, as well as on coarse=
grained cylindrical samples for bulk diffusion analyses based on displacements of activity
curves. Diffusion coefficients were determined for all samples (see Table 1 in the Enclosure)

'and further processing yielded the equations
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|
‘for bulk diffusion and

?ior surface diffusion. It is concluded that the entropy of activation of Mo self-d}fﬁsion is

\greater than zero, in agreement with Zener's theory of D, for atomic diffusion, and approximate

s |values for the entropy of activation of W diffusion in Mo. Energy of vacancy formation Q, =; . .:

. " 136 keal/g-atom, ratio Q,/Qqisf = 0.3 to 0.4 (0.32 for Mo, 0.39 for Cr). Orig. art. has:
'8 formulas, 4 figures and 4 tables. - S ~ e SRS
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Table 1.. ”Diffn-‘sion coefficient in cmzl gec. for diffusion of‘W in No.

;ffn“éi’iiﬁi‘i,if{‘?““ 1700 | 1750 1830 1850 1880_11 1900
Bulk diffusion, ac- : 5.8x10° 32 . 1, 1x10
tivity curve dis- ‘ 5
placement analysis (47.5) (109.5)
{hrs.) =

. Bulk diffusion, 1.2x10
autoradiographic (99)
analysis (hrs.)

2.0x10°
_ Intercrystalline ] '

11} -
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. I AUT!!OR: . Bokshteyn. ‘S. Z.; Brclmfin, M. B.; Kishkin, S. T.; Marichev, V. A,

| TITLE: Investigation of conditions at the grain boundaries in oolybdenum and
-}~ 1ts alloys with zirconium and rhenium by the method of internal friction °
bl

SOURCE ¢ Protsessy* diffuzii, struktura 1 svoystva metal lov (Diffusion processes,
structure and properties of metals); sbornik statey. Moscow, Izd-vo Mashino-
stroyeniye, 1964, 40-51 : : .

"TOPIC TAGS: molybdenum, molybdenum alloy, molybdenum grain boundary, molybdenum
rhenium alloy, molybdenum zirconium alloy, ‘rhenium, zirconium, internal friction,
stress relaxation, alloy diffusion. ' - .

]

i

l ABSTRACT: The mechaniam of stress relaxation at the grain boundaries in pure .,

]" metals is known to be affected by the presence of alloying elements, but precisely

| how is still unclear, The study of internal friction, based on measurement of )

l i the forced oscillation dampening of a polycrystalline specimen is a sensitive

| method for investigation of the structural conditions of a metal generally, and
particularly at the. grain boundaries, The present authors experimented with

) 3%”“?75" of 99.98% pure sintered molybdenum; a Mo - 2r alloy containing 0,13% Zr,

Card' * ) ’ . . .
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| 0.008% ¢, 0.006% 04, and 0.0007% Hy; and No+ 50X Re. The specimens were subjected|
to torsional oscillations (0.3-0.4 cycles/sec.) at various temperatures ia a range |
1< of about 20 - 1000C, after annealing at temperatures up to 2000C. The test b
was originally developed by V. B. Osvenskiy and 1s shown schematically
in sodified form, ia Pig. 1 of the Enclosure. The activation energy X of ‘internal .
friction was. determined from the expression ° . B

. H
lo;Q": lo;‘;;’ = 0.4346 pr

. ( 4 ' .
under the assumption that lo! 3—%‘:eonot. Pig. 2 of the Enclosure shows the
=4 for

temperature dependence of Q e 3 materials compared.

that the boundary relaxation begins to grow at different temperatures in different|
alloys. Thus, this temperature is 700C for the Mo-Re alloy and about 600C for pu
wolybdenum or Mo +0,13% 2r, » ghest level of interpal T
friction is shown by unalloyed molybdenum; the lowest - by ite alloy with 50%

| rheaium. If the internsl friction along the grain boundaries depended ouly
| on the activation energy, it shoold be maximl in the Mo-2r alloy, and not in

n,. . . T

."'Cé"r?"'k'_zlsu ../;‘_‘:z. ST

o N >t DD T 4
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_pure molybdenum. A mechanism of boundary relaxation is therefore suggested which
“is connected with a migration of Interstitial solutes such as oxygen, carbon and
- nitrogen. This migration requires less energy than the displacement of the dif-
; fusionally more-inert atoms normally occupying the nodal points in the lattice.

L This could explain the relatively low activation energy of internal friction found |
! at the grain boundaries. Qualitatively, the influence of diffusional replacement
’ components can be explained by the mutual Interaction between these components and
" |: the migrating atoms of penetrating components, as well as the ability of the re-

i placement components to alter the structural Imperfections In Intergranular zones.
! “The authors express thanks to Ye. M. Savitskiy and M. A. Ty*lkina for supplying

| the Mo-Re alloy." Orig. art. has: 5 figures and I formulas.

'l
! ASSOCIATION: None .
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AUTHOR: Bokshteyn, S, Z. ; Kisbkin, S, T.; Moroz, L. M,

TITLE: Investigation of the conditions of the grain boundaries during recrystallization of
iron and its alloys ’

SOURCE: Protsessy* diffuzii, struktura i svoystva mettallov (Diffusion processes,
structure and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeniye,
1964, 74-94

TOPIC TAGS: iron, iron alloy, steel, tungsten steel, carbon steel, steel structure,
~ grain boundary, recrystallization, iron‘microstructure, carbon diffusion, tungsten
_ diffusion, tin diffusion, nickel diffusion

' ABSTRACT: There are still unclear aspects of the mechanism of recrystallization,

' such as the nature of the reconstruction of grain boundaries, the formation of new grains

' and their subsequent growth, the influence of impurities, and the role of diffusion. The ,
present authors investigated recrystallization of iron in specimens previoasly subjected to
a plastic deformation of 10~16 and 45-7 0%, involving a variety of heat treatments (anneal- -

+ ing at 720-800C, recrystallization at 700-1370C, additional heating at 700-950C). Data

| on microhardness before and after these processes are tabulated. Furthermore, recry-
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stallization was investigated on specimens of iron in which impurities were located at the -
iron grain boundaries, formed a part of the solid solution by replacement or formed a
part of the solid solution by penetration; here again, various degrees of plastic deforma-
tion and various heat treatments were applied, The impurities tested were carbon, tin,
tungsten and nickel, Finally, radioactive isotopes were used as tracers to observe local
displacements of atoms by radio autographs, as well as by photomicrographs and X-ray
radiographs. In order to study the behavior of base-metal atoms, the isotope Fed9 was
used; for the behavior of atoms of an alloying elements, a corresponding isotope of the
alloying element was employed. Test specimens 10 x 10 x 20 mm were cut from iron bars
previously annealed (1250 C for 9 hrs.) in order to obtain a homogeneous structure and a

.

coarser grain for the convenience of radiographic investigation. After cutting, the work-

hardened surface layer (70-80 microns)was removed by electrolytic polishing. The radio- !
active tracer was deposited on the polished surface electrolytically. Diffusion annealing
was carried out in a vacuum furnace at residual pressures of 10-3 - 10~4 mm Hg, The
. temperature of diffusion annealing was 720C, at which the influence of grain boundaries on

. the diffusional flux has been found to be particularly pronourced. Deformation of speci-
mens was carried out in a 200-ton Amsler press. An analysis of the experimental results ‘

ghowed that atoms of soluble impurities (nickel, tungsten, tin), like the atoms of the base-
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showed that atoms of soluble impurities (nickel, tungsten, tin), like the atoms of the base-
metal, practically remain at their initial locations despite significant changes in the micro-
Structure of the metal, Prolonged annealing at recrystallization temperature (78 hrs, at
700C for iron with nickel; 30 hrs. for iron with tin; 28 hrs. at 750 C for iron with tungsten),
heating at temperatures above the Agz-point, or high-temperature annealing (30 min, at

. 1200 C for iron with tungsten) did not cause.atomic migration of impurities from the initial

locations toward the boundaries of the recrystallized grains, regardless of the degree of
prior deformation, During recrystallization, atoms of impurities which were located at the
grain boundaries and formed part of the solid solution by penetration showed a substantially
different behavior than atoms of base-metal at the boundaries or atoms of impurities form=-
ing part of the solid solution by replacement, Carbon atoms, unlike atoms of iron, tungsten,
nickel, and tin, follow behind the boundaries of newly forming grains, so that at certain
stages of the process a lag may occur due to a difference between the di ffusion velocity of
carbon and the recrystallization velocity. It is characteristic that carbon atoms always
migrate toward the grain boundaries, and not in the direction of the maximum concentration
gradient of the impurity, The authors suggest, in conclusion, that the activation energy of
the migration process be determined and compared with the activation energy of the dif-

fusion process of carbon in iron, Orig, art, has; 25 photomicrographs and 3 tables. .

3 ASSOCIATION: None
ard - 3/4
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| © AUTHOR: Bokshteyn, S. Z; Kishkin, S. T.; Moroz, L. M.; Chaply*gina, V. S.

| : TITLE: Structure imperfections of metal following recrystallization

? SOURCE: Protsessy* diffuzii, struktura i svoystva metallov (Diffusion | processes, Lo
¢, structure and properties of metals); sbornik statey, Moscow, Izd-vo Mashinostroyeriye,'". .’
: | 1964, 99-109 , L
‘:; f‘-T'OPIC TAGS: metal structure, metal diffusion, diffusibn-permeability, metal re- '

-| erystallization, iron, tin, tungsten, carbon diffusion

! ABSTRACT: Many of the properties and processes occurring in metals depend upon the Col
i degree of structural perfection. However, it is not clear how and under what circum-
i stances structural defects arise or disappear. In some oases, it has been possible to :
. { achieve a displacement of interstitial impurities into the inner regions of graing by re-, '. |
| crystallization, thus increasing the plasticity of the alloys. However, such a beneficial
i} influence of recrystallization has been observed only in individual cases. Therefore, the
'i1 assumption can be made that in regions where grain boundaries have been located before ‘
||} irecrystallization, preservationof the specific state is possible, i.e. » there is a possibility -

‘Card © 1/8° -
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i o -of "heredity". In the present]paper, the authors investigated the heredity of metal struc-

;1 ture during recrystallization and grain growth, using autoradiographic and microscopic

i techniques. The degree of structural perfection was evaluated by diffusion permeability

:+ of C14, a higher permeability corresponding to a more defective structure. Using, !
i specimens of pure iron and of iron containing diffusionally introduced interstitial additions, |
such as tin and tungsten, the authors studied the stability and degree of defectivencss of
the original grain boundaries during recrystallization in relation to the degree of metal ;
purity and the recrystallization conditions. Iron was annealed at 1250C for 9 hrs., i
electropolished and etched with 4% picric acid in ethanol to reveal the structure. Tin v
and tungsten were added in a microfurnace at 700C. Recrystallization was then carried .
out either at 650C for 46 min,, at 700C for 30 min. or at 750C for 1 hr., followed by ,
heating at 600C for 1 hr, in the presence of radioactive carbon., Measurements of hardness
and C14 distribution demonstrated that diffusion is affected by recrystallization temperature
and that the residual effects of previous cold working can remain after application of the CL
common types of recrystallization, The diffusional mobility of atoms was found to in-
crease during the process of recrystallization, Failure of alloys at high temperatures "
generally proceeds along the grain boundaries, but sometimes it occurs transgranularly.:

It is possible that, in the latter case, the alloy fails along the boundaries of original

ERAS  A  R
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{! grains which were metallographically undetectable, The question of the influence of

.1, various impurities on the defectiveness of the original grain boundaries thus gains con-
... siderable significance. It ig very possible that inheritance of defectiveness is linked to a
‘i1 considerable degree to the presence of impurities; therefore, the question arises of the
‘i1 possibility of displacing the impurities from the boundaries to the inner region by re- :
.1 crystallization. The results of the present investigation permit the authors to assume that :
o nfluence of impurities can be reduced by applying suitable recrystallization
'1 conditions. Orig. art. has; 7 figures and 1 table, :

"l! ASSOCIATION: none
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‘AUTHOR: Bokshteyn, s, Z.3 Bronfin, M, B, ;
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i

TITLE: Effect of hereditary structure in molybdenun and its alloys

“SOURCE: Protsessyn diffuziy, struktura i 8voystva metallov (Diffusion
/processes, structure and properties of metals); sbornik sStatey,
‘Moscow, Izd-veo Mashinosttoyen}ye, 1964, 110-112 :

:TOPIC TAGS: molybdenum, molybdenum zirconium alloy, alloy Structure, -
ihereditary Structure, structure effect

was electrically deposited on
: vacuum annealed (1073—10~4 pn Hg) at 1700cC
for 14 hr, The Specimens were then held at 1750¢C for 108 hr. The
growth of the molybdenum grains at 1750C was completed in 100 miq and

in‘ the succeefing~ 10,000 min,
wisés

showed that Penetrates
d

at 1750C but also along the
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‘initial grain boundaries, i.e., those which existed prior to diffusiop
annealing, Thig indicates ¢
does not eliminate structura
‘8¥ain boundarie _
(0,547 zirconium) the Phenomenon wag
‘in unalloyed molybdenum, owing probably to the Presence of Very stable
‘zirconium compounds (either oxide o carbide type), The diffusion i

W grain boundarieg wvas more 1ntenlive, which indicates 3 S
ty of defects thap is found along the old boundaries, 1t .
1s suggested that -the Phenomenon observed cap be utilizeg for improve :
‘ing the ductility of moéybdenum at ' '

z

Under certain
conditions at recrystall
‘boundaries wAuld sge

¢h more sharply than

art. has: 2 figures,
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: TITLE: Behavior of the grain boundarles iIn Iron during ultrasonic high-temperature
: heating : : : R R

| SOURCE: Protsessy* diffuzil, struktura | svoystve metallov (Diffusion processes,
"{ structure and properties of metals); sbornik statey. Moscow, lzd-vo Mashinostroyenie

ye, 1964, 113-116 ' .- _ ' : o
TOPIC TAGS: iron, iron grain boundary, iron mlcro'structt'!re. grain boundary, ultra«
sonic heating . \ - '

ABSTRACT: In view of the wide use of hot recrystalllzatl&% during the production

of . austenitic steel, the authors investigated the behavior of the grain boundaries

during ultrasonic recrystallization of iron containing 0.04% C, 0.07% Mn, 0.03%

© i Si, 0.035% S, and 0.0i5% P. In order to obtain a homogeneous fine-grained struc=
i ture, the specimens were annealed at 950C for | hour, and were then subjected to

ultrasonic vibrations at 19.5 kilocylces/sec., resuiting in a temperature of mare
“than 1000C at the node. ' Cuts for micrographic investigation were mada axially
through the specimens, and the cold worked surface layers were removed dy electro-

i@ﬂ%iw;ng. followed by etching to reveal the microstructure. The microstructure
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